EPIDEMIC encephalitis, since its appearance in this country in 1918, has left behind it an ever-increasing toll of victims. The most tragic and at the same time the most common sequel is undoubtedly the Parkinsonian syndrome.
The first case was that of a male, aged 27, who died six mnonths after the acute attack. Except for scattered perivascular infiltration in the globus pallidus and putamnen, no abnorimality in the region of the basal ganglia was found. There was a mllarked loss of cells of the substantia nigra; many of the remaining cells showed degenerative changes. In this region there was pronounced perivascular infiltration and an increase in the nunmber of glial cells.
The second case was that of a male, aged 20, who died three and a half years after the initial attack. Macroscopically, depigmentation of the substantia nigra was noted. Microscopically, the basal ganglia, pons, medulla and cerebellulmi were found normial, except for a very miild perivascular infiltration with here and there slight glial cell increase. The substantia nigra was profoundly altered, there being considerable cell loss. Many of the remaining cells were atrophied. Gliosis was marked.
These two observers used a micrometric method of counting the cells of the globus pallidus and substantia nigra, and therefore their findings are of considerable importance. In one other case previously reported by McKinley and in the two cases above mentioned, there was no reduction in the number of the cells of the globus pallidus, whilst the cells of the substantia nigra showed a diminution varying from 57 to 87 per cent. of the normal number. I shall have occasion later to comment on their method of counting.
Spatz [41 refers, in a recent paper, to fifteen cases of Parkinsonism, in which he has had an opportunity of examining the brains. He does not, however, give the details of the cases. He comments on the outfall and high grade atrophy of the cells of the substantia nigra. The basal ganglia, which in the acute stages share in the widespread inflammatory process, were affected little or not at all. He further adds that the protean nature of the symptoms in the acute phase of encephalitis is due to the widespread and varying histological changes, whilst the constancy of the clinical l)icture in Parkinsonism is due to the outfall of the cells of the substantia nigra, which, according to his experience, is a constant finding.
The most recent and extensive work on the pathology of post-encephalitic Parkinsonism has been carried out by L. Hohman [5] working under Professor Marburg in the Neurological Institute of the University of Vienna. His results appeared in the Archives of that Institute in May, 1925 . Eleven cases of Parkinsonism were carefully examined histologically. In all the cases the most marked changes were found in the region of the substantia nigra. These changes consisted of a disappearance of a large proportion of the pigmented cells, destruction of many of the fibres and a slight increase in the number of glial cells. The putamen and caudate nucleus showed the next most serious lesion, which consisted of an outfall of the small polygonal cells, neuronophagia of a certain proportion of both small and large cells, increase in the glial element and lipoidal degeneration of many of the cells. The cells of the globus pallidus were involved to a less extent, as were also the cells of the cortex and dentate nucleus. Hohman agrees with the general findings of others to the effect that the substantia nigra is most involved in Parkinsonism, but owing to the widespread nature of the changes which he found in his cases, he is unable to make a definite statement as to the localization of the lesion responsible for the condition. Foix [6i, Tarozzi [71, Vegni [81, Jacob [9] , Levy [10] and others have published accounts of one or more cases. In all these cases and in others which I commented upon in a paper in 1923, the substantia nigra showed definite changes, similar to those described in the foregoing. I have only been able to find an account of one case described as Parkinsonism in which the substantia nigra seemed normal.
This case, recently reported by Hassin and Bassoe [11] , concerned a boy of thirteen who in February, 1920, fell and struck his head. Soon after he conmplained of headaches with nausea and a temperature of 100 F. was recorded. He was ill for sixteen months and was said to have had "sleepy sickness." He could not talk, and became stiff; later he developed convulsions. In Septemnber, 1922, he showed a marked arching forward of the body in walking. The speech was slow and drawling, and a coarse tremor was present in the arms.
Towards the end dysphagia became marked. There is no mention as to the presence or absence of involuntary laughing. Post mortem, the cortex appeared normal; the small cells of the corpus striatum and cells of the optic thalamus had undergone chromatolysis with neuroglial cell increase. The blood-vessels in these two parts showed perivascular infiltration. The cells of the globus pallidus were normal both in number and appearance; a few bloodvessels here showed infiltration with round cells. The cell structure of the substantia nigra was well developed and there was no glial proliferation in this region. The tegmental portion of the pons showed slight changes.
The authors consider the case to be probably one of post-encephalitic Parkinsonism, and they comment on the normal appearance of the substantia nigra. Granted that this be a case of Parkinsonism following encephalitis, there are certain features in the case which suggest that the Parkinsonism differed from the usual type. One sees occasionally, usually in persons under the age of twenty, a type of Parkinsonism in which there is marked flexion forward of the body, often coarse tremor, marked dysarthria and involuntary laughter. Rigidity is often more marked on one side, the leg on that side being flexed. The general appearance of such a patient bears a fairly close resemblance to that seen in progressive lenticular degeneration. It would seem highly probable that the situation of the lesion underlying this variety of Parkinsonism differs from that found in the usual form. The case reported by Hassin and Bassoe may belong to this group. It should be noted that both the globus pallidus and substantia nigra were reported to be normal. There is no mention in their account of the condition of the subthalamic nuclei.
The most important fact that emerges from a study of the published accounts of the morbid anatomy of Parkinsonism seems to be the constancy with which the maximum lesion has been found in the substantia nigra. ANATOMICAL AND EXPERIMENTAL WORK IN CONNEXION WITH THE SUBSTANTIA NIGRA. Within the last five years, anatomists and experimental workers have turned their attention to the substantia nigra, as a result of the striking predilection which the encephalitic virus shows towards this part of the mid-brain. Therefore I thought it might be of some interest to review shortly our present knowledge of the anatomy of this mass of grey matter.
I have derived a great deal of help in this direction from a study of the recent book by Foix and Nicolesco [61 on the anatomy of the basal ganglia, subthalamic region and mid-brain. If a transverse section of the mid-brain at the level of the emergence of the third nerve be examined under a low power, one is struck by the large number of pigmented cells which go to form the substantia nigra on either side. Such an important collection of cells, far exceeding in number any other group in the brain stem and even outnumbering the cells of the globus pallidus, must fulfil some important function.
The substantia nigra is situated immediately dorsal to the pes pedunculi, containing the pyramidal fibres. In a vertical direction it extends from the subthalamic region to the junction between the mid-brain and pons. In a transverse section of the mid-brain the substantia nigra can be seen with the naked eye on each side as a broad dark band lying between the red nucleus and the pyramidal fibres. The colour is due to the black pigment which the cells of the substantia nigra contain. This pigment does not make its appearance until after the first few years of life and is not abundant until after the age of twenty. The cells of the substantia nigra in animals contain no pigment. The substantia nigra consists of two zones, the zona reticulata, which is placed ventrally and which contains relatively few nerve-cells but is rich in nerve processes; and the zona compacta, which lies more dorsally and which comprises the main body of the substantia nigra. The cells are large and closely grouped together in islets. These islets form three main groups, external, middle and internal. The cells of the inner group are small as compared with those of the other two groups.
A typical cell of the substantia nigra is elongated, multipolar and has numerous dendrites. The pigment is generally grouped into a mass which lies towards one of the poles of the cell. It is from this pole that the axone arises. In a section stained by the method of Niss], the chromatin substance is seen to be plentiful and is distributed throughout the cell except in the area occupied by pigment. The nucleus presents no point of special interest.
The substantia nigra is occupied by an extremely dense network of fibres. Towards its inner part and traversing it are seen the bulky fibres of the third nerve. With regard to the course of the fibres of the substantia nigra, these can be divided into two groups according to the direction they take. The first group contains fibres which can be traced outwards and upwards. At the level of the mesial fillet they bend sharply inwards so as to cross the fibres of the fillet at right angles. These fibres, although they do not form a compact bundle, are comparatively easy to follow up to this point, in Weigert-Pal sections, and constitute the so-called peduncle of the substantia nigra. Their ultimate destination is uncertain, but some, at least, join the fibres of the posterior commissure, so crossing to the opposite side. The second group comprises those that run ventrally into the midst of the pyramidal fibres and then appear to turn downwards. These fibres arise from cells of all parts of the substantia nigra but especially from the mesial group.
With regard to the development of the substantia nigra opinions are divided. Some anatomists believe that it arises as part of the mesencephalon, whilst others describe its origin from the diencephalon, from which the globus pallidus also develops. The upholders of this latter view are Mirto [121 and Spatz [4] . Mirto, in 1891, suggested a close relationship between the globus pallidus and substantia nigra and believed that they both originated from the diencephalon, but in the course of development became separated by the posterior limb of the internal capsule. Spatz, in 1922, supported Mirto's theory as to the close relationship between these two structures, basing his opinion on the equally intense iron-reaction shown by both these structures. Kappers [13] believes that the globus pallidus and substantia nigra have a common origin, namely, from the sulcus limitans.
A study of the comparative anatomy of the substantia nigra brings out several points of interest. According to Foix and Nicolesco, in the mouse and guinea-pig, the ventral zone, corresponding to the zona reticulata in man, contains many more cells than the zona compacta. The cells of the ventral zone are imbedded deep in the midst of the pyramidal fibres which form a relatively much smaller tract than in man. Corresponding to the peduncle of the substantia nigra in man, an efferent bundle of fibres runs dorsally outside the mesial fillet to reach the tegmentum. These fibres seem to be directed towards the posterior commissure and some cross the middle iine with the fibres of the commissure. Others can be traced as far as the anterior quadrigeminal body and the grey substance surrounding the aqueduct of Sylvius.
In higher animals such as the dog a condition of affairs exists intermediate between that found in the guinea-pig and that in man. The pyramidal tract in the dog is even less bulky than in the guinea-pig. The ventral zone of cells is smaller, while the dorsal zone is larger, the reverse of what is seen in the guinea-pig. In the human fcetus the disposition of cells resembles, somewhat, that found in the dog, the zona reticulata being more in evidence than in adult man.
Foix and Nicolesco conclude that in animals the efferent path going dorsalward, corresponding to the peduncle of the substantia nigra in man, is the more important, whilst in man the fibres going into pes pedunculi and turning downwards are the more numerous.
A certain amount of experimental work in connexion with the substantia nigra has recently been carried out.
Dresel and Rothmann [14] removed the cortex and corpus striatum on one side in dogs; a few of these animals survived the operation for some months. The substantia nigra on the operated side showed marked cell outfall and glial proliferation. They also performed bilateral decerebration in other dogs and the substantia nigra was found to be markedly altered on both sides. In dogs in whom the cortex alone was interfered with no such changes in the substantia nigra were evident. These authors conclude, therefore, that changes in the substantia nigra occur as a result of interference with the corpus striatum and are not seen when the cortex alone is destroyed.
Ferraro [15] , in a recent extensive experimental research on dogs and cats, comes to the following conclusions. First, extirpation of the cortex effects a reduction in the total volume of the substantia nigra, but the cells for the most part are conserved. Secondly, destruction of the corpus striatum, on the other hand, is followed by far-reaching degeneration of the cells of the substantia nigra. Some cell groups, however, seem unaffected and he concludes therefore that efferent fibres from the substantia nigra exist and that these may connect the substantia nigra with centres lower in the brain-stem. The experimental evidence afforded by these workers would suggest that any connexions that may exist between the cortex and the substantia nigra are unimportant, whereas fibres connecting the corpus striatum and substantia nigra do exist and they serve to link up closely these two parts of the extrapyramidal system.
Before leaving this part of the subject it remains for me to sum up the relationship between the substantia nigra and other parts of the brain, and in doing so I will follow closely the work of Foix and Nicolesco.
The efferent fibres of the substantia nigra can be divided into two main groups. First, those that penetrate into the midst of the pyramidal fibres and then turn downwards and therefore presumably serve to link up the substantia nigra with centres lower in the brain-stem. Secondly, those fibres that form the peduncle of the substantia nigra. Some of these fibres mingle with the fibres of the posterior commissure and probably serve as commissural fibres between each substantia nigra and also connect the substantia nigra of one side with other nuclei on the opposite side of the mid-brain. Foix and Nicolesco also suggest that there are other fibres in the peduncle of the substantia nigra which do not cross in the posterior commissure, but, instead, take a descending course and come into relationship with grey masses lower down. This supposition is supported by the work of Cajal, who found that certain fibres of the peduncle of the substantia nigra in animals bifurcated into ascending and descending branches.
There would, therefore, appear to be two descending tracts from the substantia nigra and one ascending, chiefly commissural. It is evident, however, that we are yet completely in the dark as to the exact termination of these efferent fibres.
With regard to the afferent fibres their existence is less wrapt in mystery. The work of C. and 0. Vogt [16] , Wilson [17] , Dresel and Rothmann, Ferraro, &c., clearly shows the existence of important descending fibres to the substantia nigra from the corpus striatum, in particular from the globus pallidus.
As to whether the cortex sends fibres directly to the substantia nigra, as upheld by Dejerine [18] and others, it is more problematical. If such a connexion exists from the experimental work reviewed above, it would seem to play an unimportant part.
PERSONAL FINDINGS.
My own experience of the pathology of Parkinsonism following encephalitis is based upon the histological examination of nine cases carried out at the Hospital for Epilepsy and Paralysis, Maida Vale. The findings in one of these cases was O-N 2 * published in 1923 [19] . A detailed account of the findings in each case would prove tedious and I shall therefore only attempt to describe the salient feature of the pathological )icture. Before doing so I will say a word about the methods used in this research. The following parts of the brain were examined in all nine cases. Frontal, parietal, Rolandic and occipital cortex. Basal ganglia, subthalamic region, mid-brain, pons, medulla and cerebellum. In eight out of the nine cases the lower half of the basal ganglia, the subthalamic region, mid-brain and upper pons were cut in series. I hoped to be able to trace secondary degenerations by means of the method of Weigert-Pal, and in five out of the nine cases the basal ganglia, mid-brain, pons and medulla were investigated by this method. At an earlier stage, however, frozen sections were taken from the mid-brain and subsequently frequent sections throughout the series were stained with heematoxylin and by van Gieson's method, and by the method of Mallory. In the remaining cases the basal ganglia on one side were treated by the method of Weigert-Pal and on the other side by the method of Nissl; the subthalamic region, mid-brain, &c., being used for Weigert-Pal sections.
Particular attention was paid to the corpus striatum and to certain masses of grey matter in the subthalamic region, the functions of which are unknown or uncertain, such as the substantia innominata of Reichert, corpus Luysii, &c.
In various papers dealing with this and allied subjects such terms as the following are often met with. "The motor cells of the globus pallidus appeared normal in number." " There was a marked outfall of the cells of the globus pallidus." Such expressions are somewhat vague, and in order to gain a rough idea of the number of cells in the globus pallidus in normal as well as in pathological cases, since 1923 I have used a simple method of counting, which is as follows. A horizontal section, cut at approximately 15 microns, passing through the basal ganglia at about the middle, shows the globus pallidus divided into two portions, an outer and an inner, which are separated one from the other by the external medullary lamina. Such a, section, stained by the method of Nissl, is examined with a two-thirds objective, and a No. 4 eyepiece. The cells seen in six fields are counted, three fields being chosen from the outer segment of the globus pallidus and three from the inner. The fields should be so spaced that approximately the whole area of the globus pallidus is covered. In a number of normal controls I have found that the average count per field lies between forty and fifty cells.
This method has recently been adversely criticised by McKinley and Gowan [3], and certainly it cannot compare for accuracy with their micrometric method. Thelatter, however, is a long and tedious affair and seems to require a vast knowledge of mathematics. The method which I have described above is not accurate but for ordinary routine purpose it is sufficient. Before giving you the results in the Parkinsonian cases, I should like for a moment to consider the changes that are met with in the acute stages of epidemic encephalitis, especially the question as to whether any one part of the brain is involved more than any other; and if this be so whether this throws any light on the problem of the localization of the lesion in Parkinsonism.
I had an opportunity of examining the brain of a young man aged 21 who died on the sixth day of an attack of acute encephalitis of the choreiform type.
Macroscopically, there appeared to be intense congestion of the vessels in the basal ganglia and mid-brain, but especially in the latter. Microscopically, the cortex showed a generalized, discrete, perivascular lymphocytosis but was otherwise normal. There were no thromboses or hwemorrhages. The basal ganglia on the left side were normal except for moderate perivascular infiltration. On the right side the infiltration of the vessels was very marked in two situations, first, between the globus pallidus and putamen, and secondly, in the thalamus. There was, however, comparatively little infiltration of the surrounding parenchyma. The cells of the globus pallidus here and there showed neuronophagia but the majority were normal. In sections through the subthalamic region the perivascular changes were more marked but they attained their maximum in the mid-brain. Here the vessels showed enormous cuffing, especially in the region of the substantia nigra and to a less extent in the grey matter below the aqueduct of Sylvius. In addition there was a general invasion of the parenchyma in these two situations with lymphocytes, &c., this again being more noticeable in the substantia nigra. It was remarkable to note the relative escape of the red nucleus, considering its close proximity to the substantia nigra. The upper part of the pons showed similar, though less well marked, changes, especially in the region of the locus coeruleus. The lower pons, medulla and cerebellum, beyond showing vessel infiltration, were normal.
The inflammatory lesions in this case were widespread, but certainly varied in intensity, being more marked in the mid-brain, and especially in the substantia nigra, than elsewhere. The mid-brain from two other fatal cases of acute encephalitis showed intense inflammatory reaction in the mid-brain, both perivascular and parenchymatous. As in the above case, these changes were most marked in the substantia nigra.
Similar findings lhave been reported in the literature. From this somewhat scanty evidence one may deduce that in the majority of cases of acute encephalitis the inflammatory process, although widespread, affects chiefly the mid-brain and in particular the substantia nigra.
Turning now to the nine cases of Parkinsonism, the patients' ages ranged from twenty to fifty; all the cases were bilateral, and none of them showed marked tremor. The longest duration of the disease was eighteen months, and the shortest about six months.
The cortex appeared normal in all nine cases except two; in these a very occasional discrete perivascular lymphocytosis was noted.
The caudate nucleus and putamen were normal as regards the cells in eight out of the nine cases. In one case many of the large cells showed chromatolytic changes.
These changes may have been, in part, due to the fact that this particular brain showed faulty fixation. Slight perivascular lymphocytosis was not uncommon, and the vessels in this region, as elsewhere, showed almost constantly a dilatation of their perivascular spaces. I shall comiment on these changes later.
Apart from Hohman [5] , other observers have not described any noteworthv lesion in the putamen and caudate nucleus. It is possible that Hohman was unacquainted with the normal appearance of the cells in this region. The large cells are rounder than those of the globus pallidus, and show a constant circle of satellite cells. Pigmentary degeneration, on which Hohman lays some stress, is usual in these cells in persons over the age of forty. We now come to the globus pallidus. First, with regard to the cells, the counting method mentioned earlier was used. In all nine cases the average count lay between forty and fifty per field, which corresponds with the normal figures. Four out of the nine cases showed a count between forty and forty-two cells per field, and it is possible that in these cases there was a small reduction in the number of cells. For the most part the cells appeared healthy, but not uncommonly a few appeared shrunken or showed chromatolytic changes. I sbould add that this part of the brain is difficult to fix properly, and that a good Nissl preparation of the globus pallidus is not always easily obtained. The vessels in the globus pallidus showed the same changes as those in the putamen, namely, occasional discrete lymphocytosis and dilatation of the perivascular space.
In only three out of the nine cases were deposits of calcium-iron salts found in the vessel walls, or lying free in the parenchyma. In a paper written in 1923 [19] , such deposits were described in several cases of acute encephalitis, and in one case of Parkinsonism, but an opinion was expressed that such changes were unimportant.
The infrequency of these deposits in the present series of cases would seem to support this view, as also does some recent work by F. W. Hurst [20] , who examined the globus pallidus in one hundred brains, representing a wide range of diseases of the central nervous system, and found such deposits in the vessels in as many as 50 per cent. of the cases. Increase in the number of glial cells in the globus pallidus was only noted twice, and in each case this was very slight.
The thalamus, beyond vessel changes, was normal in all the cases. In the lower sections the perivascular lymphocytosis was more marked as a rule than higher up, especially in those vessels adjoining the ventricle. Some of these vessels at times contained blood in the spaces around them. I agree with Hohman that these haemorrhages are probably terminal. Of the various nuclei in the subthalamic region three were especially examined; the substantia innominata of Reichert, situated in the region of the anterior perforated substance, the corpus Luysii and the upper part of the red nucleus. The first named was normal in all nine cases. The corpus Luysii appeared well developed, and the cells were normal throughout the series. In two cases there was a slight increase in the glial element. The same remarks may be applied to the upper part of the red nucleus.
In two out of the nine cases considerable overgrowth of neuroglial was noted in the region of the zona incerta. We now arrive at the mid-brain. In all nine cases definite changes were found in the substantia nigra. On cutting across the midbrain from a case of Parkinsonism one can see with the naked eye that the zone normally occupied by the substantia nigra seems smaller, is poorly delimited, and is much paler as compared with the normal. This appearance is quite distinctive. The changes in the substantia nigra which were observed microscopically can be discussed under the following headings: (1) Nerve cells, (2) Neuroglial cells, (3) Blood-vessels, (4) Nerve fibres. With regard to the cell changes, the most constant feature was the marked outfall of cells. When compared wIth controls it was found that in some cases the cells had almost entirely disappeared. Here and there small groups of two or three cells remained, but these for the most part showed chromatolytic changes. In other cases, the reduction in the number of cells was less significant, scattered islets containing small groups of cells remaining, some of which contained normal cells. But in no case did the substantia nigra contain anything like the normal number of cells. Many of the cells that remained showed eccentricity of the nucleus, vacuolization, extrusion of the pigment, &c.
Clinically, all nine cases showed bilateral rigidity; pathologically, in every case the substantia nigra was affected on each side, though in one or two instances the reduction in the number of cells was more marked on one side. In seven out of the nine cases cell destruction was apparent throughout the substantia nigra; in two cases it was more marked in the inner portion of the zona compacta. As a result of the destruction of the cells quantities of pigment were observed lying free in the parenchyma; some of it could be traced to vessel walls, whence it had been carried by phagocytes. In persons under the age of twenty the scattered pigment will be scanty owing to the fact that the pigment in young persons is scarce. An increase of glial cells was present in all the cases in the region of the substantia nigra and was a marked feature, except in a solitary case. The commonest glial cell observed was one which had a fairly large oval pale nucleus containing chromatin dots-and which showed scanty processes. Small and large astrocytes with abundant processes were also fairly common, as were neuroglial cells with rod-shaped nuclei. There was usually also an increase in the number of lymphocytes. In sections stained for neuroglia, a thick network of neuroglial fibres was present, which was more or less confined to the substantia nigra and the grey matter beneath the aqueduct of Sylvius. This network was especially marked in the vicinity of vessels. It was remarkable to note that the red nucleus remained more or less immune from these marked changes occurring in its neighbourhood. This gliosis of the substantia nigra is commented upon by nearly all workers on the subject. With regard to the vessels, marked cuffing, such as is met with in the acute stages, was present in two or three cases in which death had taken place six months or so after the initial illness. In the case which had lasted eighteen months this perivascular lymphocytosis was less marked but was more evident in this region than elsewhere. Deposits of pigment in the adventitial spaces and thickening of the adventitia were the other noteworthy points. Earlier in this paper I mentioned dilatation of the perivascular spaces as being a common finding throughout the brain. I have not time to go into the various theories as to the causation of this condition, but will remark that it was fairly constant in the present series of cases and has been commented upon by many others. One other feature with regard to the vessels was noted, namely, an increase in the small capillaries in the region of the substantia nigra and in the grey matter underlying the aqueduct of Sylvius.
It was hoped that by means of Weigert-Pal sections degeneration in the fibre system of the substantia nigra would be detected and some light be thrown on the destination of the efferent fibres. This part of the work has proved very difficult and is far from being complete. In Weigert-Pal sections of the mid-brain, the thick network of fibres occupying the substantia nigra showed definite alterations. In some cases there appeared to be a thinning of this network; in others the fibres seemed numerous but many appeared to be interrupted in their course, the myelin sheath showing as a series of beads. Other fibres appeared broken across, the ends showing a large bulbous swelling.
The pons showed no alteration of note except in the grey matter below the aqueduct of Sylvius. Here, in the majority of cases, the vessels showed occasional mild cuffing and there was also a slight increase in the number of glial cells, especially in the region of the locus caeruleus, which, as will be remembered, is a small nucleus in this region, containing pigmented cells somewhat similar to those of the substantia nigra but differing from them in their rounded appearance. In two cases the cells of the locus cteruleus on one side only were almost entirely destroyed. Clinically, these two cases showed no signs that were more marked on one side as compared with the other.
Tbe lower pons and medulla showed no alteration of note. The cerebellum and in particular the dentate nucleus appeared normal except for an occasional discrete perivascular lymphocytosis and slight increase in the number of glial cells.
To sum up, then, the changes in these series of cases, the maximum lesion in every case was found in the mid-brain and, in particular, in the substantia nigra, the cells of which in every case were markedly reduced in number, and degenerative changes were observed in the majority of those that remained. Other masses of grey matter in the extrapyramidal system, and in particular the globus pallidus, appeared for the most part normal. Such deviations from the normal that did occur were slight, and in the case of the globus pallidus would appear to be secondary. It is logical to assume that, as a consequence of the connexion between the corpus striatum and substantia nigra, retrograde changes may be found in the corpus striatum, as a result of a lesion of the substantia nigra.
In none of the nine cases was tremor a clinical feature. Hohman, in his series, had several cases showing well-marked tremor, but he was unable to demonstrate a lesion in any particular situation which might account for the tremor.
Two pathological conditions seem to be present in most cases of Parkinsonism. First, a subacute inflammatory process: this is suggested by the persistence of perivascular cuffing with lymphocytes and plasma cells, months or even years after the acute illness. Secondly, a process of sclerosis. This is especially evident in the substantia nigra. As the acute stage subsides, neuroglial cells proliferate. At first they act as scavengers, removing the d6bris of cells and pigment. As time goes on they lose their mobility, acquire processes and develop into typical astrocytes, so that a network of neuroglial fibres now pervades the affected area.
From my own finding and others, it seems fairly certain that the lesion underlying the Parkinsonian syndrome exists in the substantia nigra.
Before concluding, there are several points from the clinical aspect of the question which require explanation. First, can the latent period, amounting to months or years in some cases, between the acute attack and the appearance of Parkinsonism be explained on pathological grounds ? Secondly, is the localization of the lesion in post-encephalitic Parkinsonism the same as in the idiopathic form of paralysis agitans ?
With regard to the first question, I am afraid my material did not help me in this respect, as in none of the cases was there an interval exceeding a few months.
One might suppose, however, that in such cases the substantia nigra was little affected by the initial inflammatory process, but that this, remaining subacute, gradually resulted in a slow destruction of the cells of the substantia nigra with an accompanying sclerosis, or that the virus remained latent and subsequently the inflammatory process flared up.
The explanation of Parkinsonism occurring without any previous history of encephalltis might be explained in much the same way, i.e., by a mild encephalitis localized to the mid-brain. It would appear from such cases that the virus of epidemic encephalitis has a special predilection for the cells of the substantia nigra, just in the same way as the vir,us of poliomyelitis has for the anterior horn cells in the cord, and, further, that ambulatory forms of both do occur. Lastly, as to whether the situation of the lesion is the same in all forms of paralysis agitans, this is a question which is somewhat disputed. The majority of workers on idiopathic paralysis, including C. and 0. Vogt [16] , Lhermitte [221, Jacob [9] and others, believe that the essential lesion lies in the globus pallidus and to a less extent in the putamen. Tretiakoff [21] , on the other hand, places the lesion, in the idiopathic form, in the substantia nigra. I had an opportunity two years ago, while in Paris, of studying some of the work representative of these two schools of thought. Tretiakoff based his views on the examination of eleven cases of paralysis agitans at the Salpetriere, where I was able to see all his sections. In only two out of the eleven cases were the changes in the substantia nigra widespread. The ages in these two cases were 36 and 47; in both there was a history of encephalitis, and therefore it is safe to assume that the paralysis agitans was not of the idiopathic form. Of the remaining cases, seven showed localized disappearance of small groups of cells, but in none of these cases was there a lesion extensive enough, in my opinion, to account for a generalized paralysis agitans. In two cases the changes were so slight as to be practically negligible.
There were no sections of the basal ganglia, nor is any mention made of the globus pallidus in Tr6tiakoff's thesis. In view of this I, myself, attach no great importance to his findings, although his work is much quoted.
During the time which I spent in Professor Lhermitte's laboratory, I had an opportunity of going over his collection of sections, including eight cases of idiopathic paralysis agitans. Using the method of counting mentioned earlier, I found that the average reduction in the number of the cells of the globus pallidus was over 50 per cent. The case which showed the greatest reduction in cells was one of syphilitic paralysis agitans. The substantia nigra was also examined, and in four out of the eight cases it appeared normal; in the remaining three cases there was destruction of a small number of cells. Jacob, in fifty-three cases of idiopathic paralysis agitans, found alteration in the substantia nigra in only 14 per cent. That changes should sometimes be found in the substantia nigra in cases of idiopathic paralysis agitans, as a secondary phenomenon, is not to be wondered at if account be taken of the experimental work mentioned at the beginning of this paper.
I am much indebted to Professor A. J. Hall, who kindly placed at my disposal the material from six of the cases.
